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Introduction
Hypertension and excess body weight are major cardiovascular risk factors and are a cause of concern in many parts of sub Saharan Africa due to the high prevalence, especially in urban populations [1] . Among adults, hypertension and excess body weight are closely related and overweight and obese individuals are more likely to be hypertensive [2] . Moreover, blood pressure decreases in a doseresponse fashion when weight is reduced [3] .Both hypertension and excess body weight may have their root of occurrence in childhood and adolescence, and overweight adolescents are more likely to become overweight adults [4] .Worldwide, the prevalence of overweight and obesity among children and adolescents has shown a remarkable increase [5] [6] [7] , not only in developed but also in sub Saharan African countries [8] . Although the prevalence of hypertension is still low among children and adolescents in the region, recent studies have shown increased trends, with hypertension likely to occur among those with overweight and obesity [9] .
Having the world's highest prevalence of hypertension among adults [10] , sub Saharan Africa must focus on primary prevention as an important intervention. Therefore a better understanding of the precursors of hypertension is of great significance. Although body mass index (BMI) has been widely used to measure overweight and obesity, it does not however distinguish between fat and lean body mass and it is the amount of body fatness that is associated with morbidities including hypertension, more strongly so than lean body weight [11] . Skinfold thickness is a cheap and easy way to measure body fatness and can be applied as a tool to screen for excess body fat. It measures subcutaneous fat located directly beneath the skin by grasping a fold of skin and subcutaneous fat and measuring its thickness using calipers. Formulas then take account of age and sex and convert skinfold measurements into an estimate of an individual's percentage body fat [12] . Ideally, body fat percent should correlate better with BP and may be a better way to assess and track excess body weight among children and adolescents.
However, it is not known in Tanzania if increase in body fatness is a better estimate of BP level than BMI. The present study was therefore set out to determine the association between body fat percent and BP levels among adolescents and to determine if body fat percentage is superior to BMI and waist circumference in estimating BP among adolescents in Tanzania.
Methods

Study design and population
This was a cross-sectional study of secondary school adolescents aged 12 to 19 years in Dar es Salaam, Tanzania. A minimum sample size of 523 adolescents was needed to determine the association between overweight and obesity with BP levels with a maximum likely error of 2.5% at 95% confidence interval.
Sampling procedure
A list of all secondary schools in Dar es Salaam was obtained from the Ministry of education and Social Welfare. Five schools were randomly selected from this list. A multistage sampling procedure was then performed to obtain the required sample size.
Data collection
All selected participants received information about the study and were asked for their willingness to participate. All agreeing participants had to sign an informed consent form before data collection. A structured questionnaire was used to obtain demographic characteristics as well as to obtain history on cardiovascular risk factors. Height was measured using a stadiometer (Seca, CEO123, and USA), with subjects wearing no shoes and averaged to the nearest centimeter. Weight was measured by a weighing scale (Momert, China) and recorded in kilogram. BMI was calculated as weight in kilogram divided by height in meter squared. Obesity and overweight were defined as BMI ≥30kg/m 2 and ≥25 kg/m 2 respectively for adolescents aged 18 years and above. For adolescents who were less than 18 years, overweight and obesity was defined according to WHO cut-off points for adolescents [13] . Waist circumference was measured using a tape measure mid way between the anterior superior iliac spine and the lowest rib and was recorded to the nearest centimeter.
Blood pressure was taken using a digital BP machine (OMRON CEO 197, Kyoto, Japan. Measurements were taken on the right side of the body and recorded in millimeters. The skinfold was picked between the thumb and the index finger so as to include two thicknesses of the skin and subcutaneous fat. Calipers were located about one centimeter from the finger with the calipers halfway up the fold of the skin.
Measurements were done twice and an average value was recorded.
The sum of three skinfold measurements was used to calculate body density, according to Jackson and Pollock equation [15, 16] . For girls, triceps, suprailiac and thigh skinfold measurements were used and for boys pectoral, abdominal and thigh skinfolds were used.
Body density was calculated as follows; For girls: Body Density = 1.0994921 -0.0009929*sum + 0.0000023*sum2 -0.0001392*age.
For boys: Body Density = 1.1093800 -0.0008267*sum + 0.0000016*sum2 -0.0002574*age. Where sum = sum of three skinfold thicknesses as mentioned above.
After obtaining the body density, body fat percent was estimated using the Siri formula [17] as follows; Percent fat (%) = ((495 / Body Density) -450) * 100. Increased percent fat was defined as overfat and obese which is >85 th percentile and >95 th percentile respectively according to specific charts for age and sex of the adolescent [18] .
Statistical Methods
Data entry and analysis was done using Statistical Package for 
Results
The study population included 582 (303 boys and 279 girls)
adolescents. The mean ±SD age of the total population was 16.5 ±1.8 years, with boys being on average 0.7 years older than girls, versus 157.0 ± 6.0 cm), p<0.001; however there was no significant difference in the mean weight among boys and girls, Table 1 .
When compared to boys, girls had significantly higher mean values for BMI as well as waist circumference and they were more likely to be overweight and obese, all p<0.01, Table 1 . The mean ±SD systolic and diastolic BP of the total population was 120 ±11 mmHg and 69 ±8 mmHg, respectively. Boys had higher mean values of systolic BP (121 ±11 versus 118 ±10mmHg), however there was no difference between boys and girls in terms of the proportions with systolic hypertension, Table 1 .
The mean diastolic BP was higher in girls (71 ±8 versus 68 ± 8mmHg), and significantly more girls had diastolic hypertension when compared to boys (7.5% versus 3.6%) p<0.05 for both, Table   1 . Twenty three (4%) adolescents had a combination of both systolic and diastolic hypertension. The proportions of adolescents with underweight, healthy, overweight and obesity by BMI categorization was 13.9%, 72.9%, 12.5% and 0.7% respectively among boys, and 5.4%, 72.8%, 14.3% and 7.5% respectively among girls. This difference was statistically significant, p<0.001.
Girls had higher mean values for skinfold measurements in all the seven sites when compared to boys, .001) and in girls (r = 0.32, p<0.001), Table 3 . Sub scapular, axillary and abdomen skinfold thicknesses had weak, but positive and significant correlations with mean systolic BP both in boys and girls separately. In addition, among girls supra iliac and thigh skinfolds thicknesses significantly correlated with mean systolic BP.
The mean sum of skinfold thicknesses and body fat percent positively correlated with increase in mean systolic BP in girls alone, Table 3 .
Increase in mean diastolic BP was associated with increase in weight, BMI as well as waist circumference in the total population and when analysis was separated for boys and girls, Table 3 . Other measures of adiposity correlated positively and significantly with MAP both in boys and girls (all p<0.05), Table 3 . In the total population, the prevalence of systolic and diastolic hypertension increased in a step-wise fashion with increase in BMI. The prevalence of systolic hypertension was 1.8%, 17.2%, 24.4% and 39.1% among adolescents who were underweight, healthy, overweight and obese, respectively, p<0.001, Figure 1 . Diastolic hypertension showed the same trend, and it was found in 0%, 4.7%, 11.5% and 13% among underweight, healthy, overweight and obese adolescents respectively, p<0.001, Figure 1 .
When body fat percent was used to categorize adolescents into underfat, healthy, overweight and obese groups, there was generally a trend towards increase in the prevalence of both systolic and diastolic hypertension. However, the fat percentage categorization could not differentiate those with overweight and obesity in terms of the prevalences of both systolic and diastolic hypertension. Systolic and diastolic hypertension increased from underfat, to healthy and to overweight adolescents and slightly but not significantly decreased in those who were obese, Figure 2 . In multivariate linear regression analysis, higher MAP was independently associated with higher BMI (β = 0.21, p = 0.008) and higher waist circumference (β = 0.12, p = 0.049), but not with higher body fat percent. These associations were independent of age and gender of the adolescent, Table 4 .
Discussion
Hypertension and other cardiovascular diseases are on the increase in sub Saharan Africa and estimates show that by 2030 cardiovascular diseases will bypass communicable disease including tuberculosis and malaria as the most important cause of morbidity and mortality in the region [19] . Understanding the roots of hypertension is therefore of major public health importance as a step towards primary intervention. One area that may be of interest is to learn the occurrence of hypertension from adolescence. The present study found the proportion of adolescents with systolic and diastolic hypertension to be 17.5% and 5.5% respectively, while 4%
Page number not for citation purposes 5 of the total studied had both systolic and diastolic hypertension.
These results are similar to those found in Nigeria among 9-18 year olds in Lagos [20] and among 10-18 year olds in Enugu adolescents [21] . The findings are however different from those found in urban school children in Chennai, India where the prevalences were higher at 21.5% for both systolic and diastolic hypertension [22] .
Previous studies in Tanzanian adolescents found the prevalence for hypertension to be much lower [23] and this difference could be explained by the general observations that hypertension prevalence is on the increase in Tanzania. The difference could also be due to the differences in the population studied. In the study by Kitange et al, [23] adolescents were from rural and semi-urban areas, partly explaining the lower prevalences in their cohort as hypertension is known to be more prevalent among urban dwellers. In that study which took place way back in 1980's combined systolic and diastolic hypertension was found only in 0.4%. Although the study by Chillo et al [24] included a much younger age group (6-15years old), the prevalence of systolic, diastolic and both hypertension was almost similar to the present study among 12-19 year old adolescents. As also noted in the literature the prevalence of systolic hypertension was 11.4%, that of diastolic hypertension was 8.1% and 3.9% had both systolic and diastolic hypertension in the study by Chillo, et al.
This similarity can be explained by the similarities in the population studied, as both studies were in urban settings.
This study found that mean systolic blood pressure was greater in adolescent boys than girls while the mean diastolic blood pressure was greater in adolescent girls than boys. [21] . The finding in this study could be explained by the observation that girls had higher BMI as well as higher body fat percentage and were more likely to be overweight and obese when compared to boys. As shown in the findings, diastolic blood pressure was much more associated with body fat percent than systolic blood pressure and hence the difference between boys and girls. Girls were also more likely to report a family history of hypertension and generally girls were mostly sedentary. Both family history of hypertension and sedentary lifestyle are known risk factors for hypertension.
Apart from observed findings from this study, several other reasons could explain blood pressure gender differences in this population.
In the study by Ujunwa et al [21] , findings similar to this study were noted among Nigerian adolescents, hormonal changes occurring at puberty being attributed to the observed differences. The psychosocial stress at menarche and rapid physiological changes that accelerate completion of puberty among girls have been documented to be associated with an increase in blood pressure among adolescent girls [21] .
The relationship between body composition and BP levels has well been established in epidemiological studies, and in adolescents and childhood BP is positively correlated with age, weight, height as well as height/weight measurements [20, 26] . Traditionally, body 
Conclusion
Body fat percentage measured by skinfold thickness method did not predict blood pressure level better than BMI in this population. High BMI should be used as a measure of increased risk for hypertension among adolescents. Page number not for citation purposes 10 
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